is an important medicinal plant with proven bioactivity. Commercially available products in the United States containing extracts or derivatives from this plant species have beep shown to lack consistency of chemical composition and bioactivity. In the United States, these issues could be solved through domestic production of skullcap. The hypothesis of this study was that Baikal skullcap grown in the Mississippi climate would accumulate sufficient bioactive flavonoids, baicalin, and baicalein in the roots to justify domestic production, and that shoots of these plants might also contain the flavonoids of interest. A replicated field experiment was conducted at four locations in Mississippi (Beaumont, Crystal Springs, Stoneville, and Verona) to test the hypothesis. The concentration of the main flavonoid, baicalin, in the roots ranged from 8.1 % to 15.6%, whereas the concentration of baicalein varied from 0.2% to 1.2%. The flavonoid concentrations in the roots were similar to that of commercially available skullcap roots, and to concentrations reported in the literature. Chrysin was detected in the roots from one location. Furthermore, the flavonoids apigenin, baicalein, baicalin, chrysin, and scutellarein were detected and quantified in the skullcap shoots. Overall, yields of dry roots tended to increase from southern to northern locations. This is the first report on flavonoid accumulation in Baikal skullcap roots and shoots grown in the United States. The results from this study are promising and suggest that 1) Baikal skullcap grown in Mississippi accumulates similar amounts of baicalein and baicalin to skullcap grown in other regions and can provide up to 128 kg·ha -1 of baicalin and up to 2.32 kg·ha-1 ofbaicalein; 2) flavonoid concentration in Baikal skullcap roots and shoots, yields, and mineral concentration of roots might depend on climatic and growing conditions; and 3) Baikal skullcap could be developed as a high-value crop for Mississippi and possibly other regions ofthe United States. Further research is needed on skullcap production methods and economic feasibility.
The genus Scutellaria includes~300 species, with natural habitats from Siberia to Sri Lanka (Joshee et aI., 2002) . Several Scutellaria species are native to the southeastem United States (U.S. Department of Agriculture, National Resources Conservation Service, 2007) . Baikal skullcap (s. baicalensis Georgi.), often referred to as Chinese skullcap, is the most studied species of thisgroup because of the high accumulation of flavonoids, especially baicalin and baicalein. Baikal skullcap roots and isolated flavonoids have a wide range of pharmacological uses and bioactivity (Heo et aI., 2004; Hwang et aI., 2005; Kimura, 2005) , and have been used in traditional medicine in Russia, China, and other countries. Research has found that baicalin and baicalein may exhibit anti-HIV activity (Wu et aI., 2001) , may reduce susceptibility to HIV-1 infection (Li et aI., 2000) , may have anticancer activity (Ciesielska et aI., 2002; Ye et aI., 2002) , can have protective effects against cytotoxicity and genotoxicity (Hwang et aI., 2005) , have antioxidant effects (Ciesielska et aI., 2002; Shao et aI., 2004) , and exhibit antidepressant activity (Zhu et aI., 2006) . Research has also suggested that baicalin and baicalein might also have a potential for chemoprevention of Alzheimer's disease (Heo et aI., 2004) . Currently, there are several commercially available pharmaceutical drugs that contain baicalein and baicalin from Baikal skullcap (Ciesielska et aI., 2002) , along with many herbal remedies (Azhunova et aI., 2005; Cheng et aI., 2002; Di et aI., 2006) and botanical extracts (Ye et aI., 2004) derived from skullcap roots. However, recent research has demonstrated a great variation in composition and biological activity of commercially available skullcap extracts in the United States, China, and other countries (Ye et aI., 2004) , with some extracts lacking any bioactivity at all. These results were most probably the result of problems associated with plant identification, genetic variability, ecological conditions, harvest management, and extraction procedures (Ye et aI., 2004) . The problems with consistency of composition and biological activity of commercially available products from this plant could be resolved through production of Baikal skullcap in the United States with good agricultural practices. Domestic production may also provide a new cash crop for U.S. growers.
Traditional medicine has been using only the roots of Baikal skullcap, because of the greater concentration of baicalin and baicalein in roots compared with the shoots. Currently, only the skullcap roots are harvested and used for baicalin and bacalein production or for plant extracts and other pharmaceuticals. Some researchers, however, found that the shoot extract had greater biological activity than the root extract (Pershina et aI., 2000) , opening the possibility of using Baikal skullcap shoots.
Most ofthe commercial products containing baicalin and baicalein, skullcap roots, or extracts currently found on the U.S. market are imported from other countries. The potential for domestic production of Baikal skullcap has been suggested (Craker and Giblette, 2001) ; however, domestic production of skullcap in the United States has not been investigated. To our knowledge, this is the first study addressing growing Baikal skullcap in the United States. The hypothesis of this study was that Baikal skullcap grown in the Mississippi conditions would accumulate sufficient baicalin and baicalein in the roots to justify domestic production, and that shoots of Baikal skullcap produced in Mississippi may also contain the flavonoids of interest. Furthermore, skullcap may have the potential to be developed as a high-value crop for Mississippi and the southern United States. Skullcap seedlings were transplanted into the field at the four locations in May 2006 in prepared raised beds covered with a black plastic to reflect common horticultural practices in this part of the country. Soils were sampled before land preparation and were analyzed for extractable nutrients at the Mississippi State University Soil Testing Laboratory. Land preparation included disking and preparation of raised beds using a press pan-type bed shaper, which also covered the beds with black plastic mulch and placed a drip-tape irrigation tube in the middle of the bed under the plastic. Beds were 15 em high and 75 em wide across the top and were spaced 1.8 m apart (from the center of one bed to the center of the next bed). Two rows of skullcap transplants were spaced 30 em apart, in an offset pattern, with an in-row spacing of 30 em, on the top of each bed. Plots were 1 x 6 m, with 40 plants in each plot. Four plots (replicates) were maintained per location. The experimental design was a randomized complete-block design. Plants were irrigated weekly as needed through the subsurface drip tape centered on the bed and 4 to 5 em below the soil surface. Fertilizer (N, P, and K) was supplied with irrigation water via the drip tape to provide 120, 80, and 100 kg·ha-I of N, P 2 0 S , and K 2 0, respectively, over the growing season. Weed control in all locations was efficient with the black plastic. However, yellow nutsedge (Cyperus esculentus) and purple nutsedge (c. rotundus) were able to grow through the plastic and had to be removed by hand. No pest control was necessary during the growing season at any of the locations. Plants were harvested in July, at full bloom at each location, by cutting the shoots 3 to 4 em above the soil and carefully excavating the roots. The roots and the shoots were cleaned of soil particles, air-dried at temperatures up to 40°C, and stored until further analysis.
Materials And Methods
Verona,MS 34°43'22" LatNand-88°43'22" Lon W Stoneville, MS 33°25' 18" Lat Nand -90°54'28" Lon W Crystal Springs, MS 31°56'50" Lat N and -90°22'45" Lon W Beaumont, MS 31°11' 15" Lat Nand -88°55'05" Lon W All four sites had a different soil type (Table 1) . The soil at Beaumont was McLaurin sandy loam (coarse-loamy, siliceous, subactive, thermic, Typic Paleudults), the soil in Crystal Springs was Providence silt loam (fine-silty, mixed, active, thermic, Oxyaquic Fragiudalfs), the soil in Stoneville was Bosket very fine sandy loam (fine-loamy, mixed, active, thermic Millie Hapludalfs), the soil in Verona was Quitman sandy loam (fine-loamy, siliceous, semiactive, thermic, Aquic Paleudult), and had dissimilar concentrations of extractable nutrients (Table 1) .
Chemicals and standards for flavonoid analysis. Flavonoid content was established using the dried roots and shoots from the four locations. In addition to samples obtained from the four locations, a commercial sample of Baikal skullcap dry roots was purchased from Pacific Botanical, LLC (Grants Pass, OR) and analyzed in triplicate. Shoots from Baikal skullcap were not commercially available. High-performance liquid chromatographygrade solvents methanol (MeOH; ultraviolet c.o.205) and acetonitrile (ultraviolet c.o.190) were purchased from Fish~JcScien tific (Waltham, MA), and formic acid (95%) was purchased from Sigma (St. Louis, MO). Flavone standards baicalein (98%) and baicalin (95%) were purchased from Aldrich (St. Louis, MO). Apigenin (98%), chrysin (pure), scutellarein (pure), and 6-hydroxyflavone (97%) were purchased from Infodine Chemical Company Inc. (Hillsborough, NJ). For analysis, baicalein and baicalin were dissolved in ethanol, and the balance was dissolved in 70 methanol: 29 deionized water: 1 formic acid by volume.
Sample preparation and extraction of flavonoids. Roots and shoots were homogenized using a Waring laboratory blender (Waring Laboratory & Science, Torrington, CT) and stored at 2.4°C until extraction. Representative subsamples of roots (0.2 g) and shoots (0.5 g) were taken from every sample. The roots and shoots subsamples were placed in volumetric flasks and extracted with 100 mL 70 MeOH: 29 H 2 0: 1 CH 2 0 2 (by volume) in a Branson 2510 ultrasonic bath (Branson, Danbury, CT) at 65°C for 120 min using a previously described method (Horvath et aI., 2005) . Each extracted standard and sample was then filtered with a Millex-FG (Millipore, Billerica, MA) PTFE Fluoropore 0.20-flm filter. With the exception of apigenin, 5 mg of each f1avanoid standard was dissolved in 25 mL 70 MeOH : 29 H 2 0: 1 CH 2 0 2 (by volume) and analyzed at 0.2 mg·mL-I. Apigenin was dissolved into MeOH with sonication.
High-performance liquid chromatography analysis. Samples and standards were analyzed on an Agilent 1100 series high-performance liquid chromatograph (Agilent, Palo Alto, CA) equipped with a vacuum degasser, quatemary pump, autosampler, and diode array detector (DAD). An Agilent Zorbax SB-C18 4.6 x 250-mm, 5-flm column was used for this analysis with an injection volume of 10 flL for all standards and samples. All sample and standard injections were analyzed Table I . Selected initial soil characteristics (0-15 em), the concentration of extractable nutrients in the soil, and the average daily minimum and maximum temperatures of the four locations in Mississippi. Overall, the flavonoid concentration in skullcap shoots (herbage) in this study was relatively low (Table 3) compared with the flavonoid concentration in the roots. Also, the chemical profile of skullcap roots was distinctly different from the chemical profile of the shoots (Figs. 2 and 3 ). We were able to detect and quantify apigenin, baicalein, baicalin, chrysin, and scutellarein in skullcap Retention Time (min.) The concentration of the main flavonoid baicalin in the roots of skullcap grown in Mississippi ranged from 8.1% to 15.6%, similar to the baicalin concentration in the commercial sample, which was 14.5% (Table  2) . Baicalin concentration in skullcap roots produced in Mississippi varied depending on location. The highest baicalin concentration in roots was measured in plants produced in Crystal Springs; the lowest baicalin concentration was found in roots produced in Beaumont. However, roots produced at Beaumont contained the highest concentration ofbaica-
Results
at room temperature using a linear gradient from 80%:20% (H 2 0 with 0.1 % TFA:MeOH) to 20%:80% (H 2 0 with 0.1% TFA:MeOH) over 30 min followed by holding at 20%:80% for 5 min and reequilibration. Analytes were detected at 280 nm with a reference of450 urn by the DAD. Representative chromatograms of roots and leaves are shown in Figs. 2 and 3 respectively.
Quantitative analysis of the flavonoids. With five concentration points, an external standard least squares regression for quantification was used. All six analytes were used to formulate separate calibration curves using a detector response at 280 urn. Linearity was assessed using response factors (RFs) and regression coefficients independently. The chromatogram of each extracted sample was compared with those of the standard injections, and the target peaks were confirmed by both retention time and ultraviolet spectra at 280 urn. Confirmed integrated peaks were then used to determine the flavonoid dry weight percentage. The RFs of the target flavonoid were used to determine the percent in biomass for each location or commercial sample. A flavonoid average (average percent in biomass) consisting of each location representative was used to chart the dry weight percentage.
Nutrient analyses ofsoil and plant tissue. Air-dried soil samples were extracted using the Lancaster soil test method (Cox, 2001) , and the tissue samples were "dry-ashed" using standard procedures of the Mississippi State University Chemistry Laboratory. The concentration of nutrients in soil and plant tissue extracts was measured with an inductively coupled argon plasma spectrometer (Thermo Jarrell Ash, Franklin, MA).
Data analyses of yield data sets were performed using one-way analysis of variance in Quattro Pro 10.
The soil properties at the four locations were distinctly different. Overall, Beaumont soil was lower in urganic matter, with relatively low pH, and had lower concentrations of extractable Ca, Mg, and S, but contained higher extractable P, relative to the soil from other locations (Table 1) . Table 2 . Yields and flavonoid concentration in skullcap roots at four locations in Mississippi. Table 3 . Concentration of flavonoids (measured as percent ± so) in dry shoot biomass of Scutellaria baicalensis grown at four locations in Mississippi.
ZMeans within columns followed by different letters are significantly different at P < 0.05. n.d., not detected or below the detection limit. Apigenin, scutellarein, and 6-hydroxyflavone were either not detected or below the limit of detection. able nutrients) may have an effect on skullcap dry root yields, and the root yields increased from southern to northern location. Our data alsoindicate that mineral nutrient concentration of skullcap roots may depend on location;. however, plant nutrient concentration could not be predicted by the concentration of available nutrients in soil. A longer term study and evaluation of other production methods are needed to estimate the production potential of Baikal skullcap in the southern United States. Although the need for domestic production of skullcap has been suggested (Craker and Giblette, 2001; Joshee et aI., 2002) , this is the first study ofthe possibilities for domestic production of Baikal skullcap in the United States. This is also the first study of Baikal skullcap in Mississippi and the southern United States, and the first study demonstrating that Baikal skullcap roots produced in the southern United States can have a similar concentration ofbaicalein and baicalin as the commercially available skullcap roots (Table  2 ) and as reported in the literature (Bochorakova et aI., 2003) . Our results also suggest the possibility for production of not only Baikal skullcap roots but also shoots.
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Conclusion
From this preliminary work at multiple locations, it has been shown that Baikal skullcap grown in Mississippi accumulates similar concentrations ofbacalein and baicalin to skullcap grown in other nations. Baikal skullcap grown in Mississippi can provide up to 128 kg·ha l of baicalin and up to 2.32 kg·ha-l of baicalein. The flavonoid concentration in Baikal skullcap roots and shoots might depend on environmental conditions such as temperature and the availability of soil nutrients, whereas the mineral concentration of roots could not be predicted very well by the extractable nutrients in soil. It appears that Baikal skullcap could be developed as a new high-value crop for Mississippi and possibly other regions of the United States. Further research is needed, however, to clarify the effect of environmental conditions and soil physical and chemical properties on the accumulation of flavonoids in skullcap roots and shoots, and on economic feasibility.
confirmed our hypothesis. Also,to our knowledge, this is the first report on the effect of location on the accumulation of baicalein and baicalin in skullcap. The dissimilar flavonoid profile of skullcap grown in Beaumont could be the result of several factors: I) higher temperatures throughout the growing season (Table I) or 2) soil properties such as physical characteristics, pH, and the plant available concentration of nutrients. Our data suggest that growing conditions could alter flavonoid content in skullcap. However, there are many factors that might have influenced flavonoid profile of skullcap at Beaumont (e.g., soil type, pH, extractable nutrients, temperature; Table I ), suggesting the need for further research on the effect of temperature, soil properties, and nutrient levels on the chemical profile of skullcap.
The flavonoid concentration in skullcap shoots (herbage) in this study was relatively low, confirming the general understanding that only the roots of this species contain high amounts of flavonoids (Bochorakova et a!., 2003; Horvath et aI., 2005) . As indicated earlier, no commercial sample of Baikal skullcap shoots was available because, traditionally (and unlike other Scutellaria species), only the roots from this species are used for baicalein and baicalin production (Joshee et aI., 2002) . In our study, the shoot concentration of apigenin was higher, baicalin was lower, and chrysin was similar compared with the concentration of skullcap roots grown outside the United States and reported recently by Zgorka (2006) . Data collected from this study suggest that location (including soil characteristics such as soil organic matter, pH, and extractshoots produced at Verona and at Beaumont (with the exception of baicalin), and only scutellarein was detected and quantified in the shoots from Crystal Springs.
Yields of skullcap roots in Verona were about six times higher than in Beaumont and two times higher than in Stoneville or in Crystal Springs (Table 2) , indicating a tendency of increasing yields from south (Beaumont) to north (Verona; Fig. I ). Skullcap root yields were positively correlated to soil organic matter and increase in soil pH, and were negatively correlated to soil extractable P and K (Tables I and 2 ). The calculated yield of baicalin varied from 15 to 128 kg·ha-l , whereas the calculated yield of baicalein varied from 0.97 to 2.32 kg·ha-1 • Nutrient concentration of skullcap roots (Table 4) did not correlate well with extractable concentration of nutrients in the soil (Table I) . The concentration ofN, K, Fe, Mn, and Cu in skullcap roots varied depending on location (Table 4) . Overall, less variation in nutrient concentration of roots was observed for P, Ca, Mg, S, Zn, and B. Nitrogen concentration in the commercial sample of skullcap was higher, whereas the concentration of Fe and Mn was very low compared with roots grown in Mississippi (Table 4 ).
Discussion
We found that the concentration of the main flavonoid baicalin in the roots of skullcap grown in four locations in Mississippi was similar to the concentration reported from other producing locations (Bochorakova 
